The sequence is available from GenBank. (6) Histogram indicating the probability of forming an a-helical coiled coil in rabaptin-5 as determined according to the Lupas algorithm (Lupas et al., 1991) , with a window size of 28 residues. The y axis shows the computed probability (O-l) of a-helical coiled-coil formation, while the x axis indicates the amino acid number for rabaptin-5.
The predicted protein sequence ( Figure  2A) Figure  3B ). Given the ubiquitous expression of Rab5 (Chavrier et al., 1990) and its ability to regulate endocytosis in various cell types (Bucci et al., 1992 (Bucci et al., ,1994 de Hoop et al., 1994) (Pharmacia) beads containing Rab5 immobilized via an anti-Rab5 monoclonal antibody, 4F11, were incubated with 100 PM GDP (lanes 1 and 3) or GTPrS (lanes 2 and 4). Subsequently, beads were incubated in the presence of 0.5 pg of Hi%-rabaptin-5.
After washing, rabaptind associated with the beads was detected by SDS-PAGE followed by immunoblotting. Figure   3C . Interestingly, however, rabaptind was also found on membrane structures, where it colocalized with MycRab5Q79L (see arrowheads in Figure  4C ' and overlay in Figure  4C "). et al., 1994a) (compare with Figure  4A ). This effect required the full-length rabaptin-5 protein and was not observed upon overexpression of its C-terminal part alone (data not shown).
As for the exogenously expressed protein ( Figures  4D,  4D ', and 4D"), endogenous rabaptind was also found to colocalize partially with the transferrin receptor (data not shown).
Since this receptor is both endocytosed and recycled, we also checked whether rabaptind is associated with the para-Golgi recycling compartment (Yamashiro et al., 1984; Hopkinset al., 1994 Coverslips were viewed with the EMBL confocal microscope, as described (Bucci et al., 1992) . Scale bar, 10 Km. Bar in (A) also applies for (B), 0, (E), UT, and (G).
sialyl transferase (4G), a Golgi and trans-Golgi network marker, suggesting that its localization to RabS-positive early endosome membranes is specific.
Rabaptin-5
Is Recruited by Rab5 to Early Endosome Membranes in a GTP-Dependent Manner The overexpression studies suggested that rabaptind is a component of the early endosome fusion machinery. Given the requirement for flab5 in early endosome fusion (Gorvel et al., 1991) , we determined whether flab5 could Capture cytosolic rabaptin-5 on an early endosome-enriched membrane fraction. Rab GDP dissociation inhibitor (GDI)-mediated association of Rab5 with membranes does not require other cytosolic factors and is accompanied by nucleotide exchange (Ullrich et al., 1994) . When an early endosome-enriched fraction was incubated in the presence of increasing amounts of Rab5-GDI complex and 1 mM GDP, a dose-dependent increase in early endosome-associated flab5 was detected ( Figure 5 ) in agreement with previous studies with permeabilized cells (Ullrich et al., 1994) . However, the membrane association of RabS-GDP was not accompanied by a concomitant increase in membrane-associated rabaptin-5. In contrast, when incubation was done both in the presence of 1 mM GTP and different amounts of Rab5-Rab GDI complex, the membrane association of Rab5 was paralleled by a strong, dose-dependent increase in membrane-bound rabaptind. Recruitment was maximal at 25 nM Rab5-Rab et al., 1992) . The identification of rabaptind described here provides the basis for further work aimed at elucidating the molecular mechanism of the docking and fusion process in membrane transport.
Experimental Procedures
Plasmids pLexA-Rab5, pLexA-Rab5S34N, pLexARab5Q79L, pLexA-Rab5A-CCSN, pLexA-Rab4b, pLexA-Rab17, and pLexA-Rab22 were obtained by cloning Rab DNAs from the respective pGEM-1 constructs (Chavrier et al., 1990; Lutcke et al., 1993; Olkkonen et al., 1993; Stenmark et al., 1994a) into the polylinker sites of pBTMl16 (Vojtek et al., 1993) . The pLexA-Rab6 constructs were from I. Janoueix-Lerosey and B. Goud, and the pLexA-RasGl2V and pLexA-Lamin C constructs were from A. Vojtek (Vojtek et al., 1993 by using a lithium acetate-based method (Schiestl and Giest, 1989) and grown on synthetic medium lacking tryptophan. This transformant was then transformed with library DNA (MATCHMAKER HeLa cell oligo(dT)-primed library in pGAD GH, Clonetech). The transformants were grown for 8 hr in synthetic medium lacking tryptophan and leucine and plated on synthetic medium lacking histidine, leucine, tryptophan, uracil, and lysine. Colonies were picked 4.5 days after plating and tested for b-galactosidase activity, by use of a replica filter assay (Vojtek et al., 1993) . Library plasmids from positive clones were rescued into E. coli HB101 cells plated on leucine-free medium and subsequently analyzed by transformation tests and DNA sequencing.
Cloning of the 5' Region of Rabaptin-5 cDNA A randomly primed HeLa cell cDNA library (1.5 x IO" colonies) in the plasmid vector pUEX (Bressan and Stanley, 1987) was screened with a3'P-labeled DNA probe obtained by random-primed labeling of a 450 bp EcoRI-Xmnl fragment of pHEA1368, corresponding to the very 5 end of the partial cDNA clone Hsupue. Of 16 positive clones obtained, restriction mapping and sequencing showed that clone l-VI extended the original cDNA by 128 bp toward the 5'end and was found to contain a possible initiator ATG codon at position 189 and a stop codon in the same reading frame at position 64.
Cells and Transfection
HeLa 4-4-7-7 is a subclone of HeLa 4-4-7 cells, which express MycRab5079L at a level lower than that of endogenous Rab5 (Stenmark et al., 1994a) . HeLa transfectants expressing epitope-tagged sialyl transferase have been described by Rabouille et al. (1995) . For transient overexpression studies, BHK-21 or HeLa cells were infected for 30 min with T7 RNA polymerase recombinant vaccinia virus (vT7) and then transfected with pGEM-1 plasmids containing the cDNA of interest, by use of DOTAP (Boehringer, Mannheim), as described (Stenmark et al., 1995) .
Confocal lmmunofluorescence Microscopy Cells on 11 mm round glass coverslips were fixed with 3% paraformaldehyde. In some cases, the cells were permeabilized with 0.05% saponin (Sigma) prior to fixation, whereas in other cases, the cells were permeabilized with 0.1% Triton X-100 after fixation. Free aldehyde groups were quenched with 50 mM NH&I, and the fixed cells were incubated with primary antibodies, as described previously (Stenmark et al., 1994b 
Recombinant
Proteins BL-21 (DE3) E. coli cells, transformed with pRSET-Ll-46 or pHAT-UEP, were incubated for 3 hr at 37°C in the presence of 0.3 mM IPTG to induce expression of the Hiss-tagged proteins. The proteins were purifiedon Ni'+-agarose(Quiagen), according tothe native purification protocol from the manufacturer, followed by ion-exchange chromatography on a Mono Q FPLC column (Pharmacia).
By this purification, Hiss-Ll-46 was >95% pure, and Hiss-rabaptin-5 was >70% pure.
In Vitro Binding Studies with Recombinant Proteins Aliquots (10 nl) of protein A-SepharoseCL4B(Pharmacia)
were preincubated for 20 min at room temperature with 1 ug of the anti-Rab5 monoclonal antibody 4Fll (Bucci et al., 1994) in buffer A (20 mM HEPES [pH 7.21, 100 mM NaCI, 0.5 mM MgCI;., 2 mM EDTA, and 1 mM dithiothreitol), then washed and incubated with buffer A in the absence and presence of 0.2 ug of HissRab5 for 30 min at room temperature.
The beads were then washed and incubated with 100 NM GDP or GTPyS in buffer A, at 30°C for 30 min. Subsequently, 20 mM MgCI, and 0.5 pg of were added, and incubation at 30°C continued for 30 min. Finally, the beads were washed three times with ice-cold buffer A containing 20 mM MgCb. Rabaptind associated with the beads was detected by SDS-polyacrylamide gel elec-trophoresis (PAGE) followed by immunoblotting, using affinity-purified anti-rabaptind rabbit polyclonal antibodies raised against recombinant Hiss- protein and the ECL kit from Amersham.
Cell Fractionation and lmmunoblot Analysis of Rabaptin-5 HeLa cells grown to confluence in four Costar plates (9 cm) were scraped into PBS, then pelleted and homogenized in 400 PI of 250 mM sucrose, 3 mM imidazole (pH 7.2) by five passages through a 22 gauge canule. Nuclei and debris were pelleted by centrifugation at 4000 rpm for 5 min in an Eppendorf centrifuge.
The postnuclear supernatant was centrifuged at 60,000 rpm for 30 min at 4% in a Beckmann TLA-100 rotor, and aliquots of the pellet and supernatant fractions were analyzed by SDS-PAGE followed by immunoblotting.
Binding of RabC and Rabaptin-5 to Early Endosome-Enriched Fractions Early endosome-enriched fractions were prepared as described (Gorvel et al., 1991) . For the recruitment of rabaptin-5 on early endosome membranes, aliquots of early endosome-enriched fractions (28 Kg) were incubated in the presence of various concentrations of Rab5-Rab GDI complex and 300 trg of HeLa cell cytosol (dialyzed against 250 mM sucrose, 3 mM imidazole [pH 7.41) in the presence of either 1 mM GDP or 1 mM GTP for 15 min at 37OC. In some cases, 50 ng of Hiss-rabaptin-5 was added to the earlyendosome-enriched fraction. Rab5-Rab GDI complex was prepared in fusion buffer (12.5 mM HEPES-KOH, 1 mM dithiothreitol, 2 mM Mg-acetate, and 75 mM K-acetate [pH 7.21) containing 1 pM GDP and 0.005% Triton X-100, according to the protocols of Ullrich et al. (1995) . As controls, we also used dog pancreas microsomes (28 Kg). To reduce the sucrose concentration, samples were diluted 4 x in fusion buffer, and after high speed centrifugation, the membranes were solubilized in SDS sample buffer, and the fraction of Rab5 and rabaptind was determined by immunoblot analysis using the 2A4 monoclonal anti-Rab5 (Bucci et al., 1994) and affinity-purified anti-rabaptin-5 antibodies. Hiss-rabaptin-5 was detected with an anti-Hiss tag antibody (DiaNova).
Values were determined by densitometric scanning of fluorographs using NIH Image 1.55 (National Institutes of Health).
Cell-Free
Assay of Early Endosome Fusion For the fusion assay, avidin and bHRP were internalized separately into two cell populations for 5 min, and early endosome-enriched fractions were prepared (Gorvel et al., 1991) . Fusion of avidin and bHRPlabeled early endosome fractions was measured in the presence of HeLa cytosol (4 mglml) and ATP-regenerating system for 45 min at 37%. The avidin-bHRP complexes formed upon fusion were immunoprecipitated, and the extent of fusion was quantified with the ImmunoPure detection liquid (Pierce, Rockford, Illinois). For the immunodepletion, we used protern A-Sepharose CL46 beads preincubated for 60 min at 4% with 0.5 ~1 of preimmune serum, 0.5 VI of anti-rabaptin-5 serum, or 0.5 trg of affinity-purified anti-rabaptind antibody per 100 trg of cytosol. The beads were washed extensively with fusion buffer and subsequently incubated with cytosol for 30 min at 4%. After centrifugation at 14,000 x g for 5 min, the supernatant was used in the fusion assay. Rescue of fusogenic activity was performed by preincubating the antibodies bound to the beads with 4 PM Ll-46 recombinant protein for 1 hr at 4%. The beads were then washed to remove unbound Ll-46 and incubated with cytosol as described above.
